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MICROPARTlCLliS WITH ADSORBENT SURFAC ES 
METHODS OF MAKING SAMP.. AND USES THERRfVF 

15 Cross-Referencc to Related Applications 

This application is a continuation-in-part ofU.S. Patent Application Serial No. 09/285.855. 
filed April 2, 1999. from which priority ia claimed under 35 U.S.C. 120 and which application is' 
incorporated herein by reference in its entirely, which is a continualion-in-part of U.S. Patent 
Application Serial No. 09/124.533, filed July 29. 1998. from which priority is claimed under 35 
U.S.C. 120 and which application is incorporated herein by reference in its entirely, which is a 
continuation-in-part of U.S. Patent Application Serial No. 09/015,652, filed January 29. 1998, 
from which priority is claimed under 35 U.S.C. 120 and which application is mcoroorated herein 
by reference in its entirety, which in turn is related to U.S. provisional Patent Application Serial 
Nos. 60/036,316, filed January 30, 1997 and 60/069.749, filed December 16. 1997, from which 
applications priority is claimed under 35 U.S.C. I !9(eXl). and which applications arc 
incoroorated herein by reference in their entireties. 

Technical Field 

The present invention relates generally to pharmaceutical compositions. In particular, the 
invention relates to microparticles with adsorbent surfaces, methods for preparing such 
microparticles, and uses thereof. Additionally, the invention rdates to compositions comprising 
biodegradable micropartides wherein biologically active agents, such as therapeutic 



10 



WO 00/06123 

PCT/US9W17308 

-2- 

polynucleotides, polypeptide, antigen* and adjuvants, arc adsorbed on the surface of the 
rnicroparticles. 

Background 

P«*ul* carrier* nave been used ,n order ,o achieve controlled, parenteral delivery of 
Ihempcutie compound, Such earners arc deigned to maintain the active agent in the delivery 
system for an extended period of limc . Examples of particulate carriers include those derived 
from polymethyl methacrylate po.ymers, as well a, nnczopartic.es derived from po ]y(Iactides) 
(see, e.g. u.S. Paten, No. 3,77 3 ,o 19) , polydacLdc-co-gJycohdes), known as PLC (see e . U S 
Patent No. 4,767,628) and polyethylene glycol, know as PEG (see, e.g., U.S. Patent No ~ " " 
5,648,095). Polymethyl methacrylate polymers- arc nond C g rad able while PLG particles 
bKKlegnule by random nonensymatic hydrolysis of « ster bonds to .act* and glycolic acids which 
are excreted along nonnal metabolic pathways. 

For example, U.S. Patent No, 5,648,095 describes the use of microspheres with 
encapsulated pharmaceuticals as drug delivery systems for nasal, oral, pulmonary and oral 
dehvery. Slow-release formulations containing various polypeptide growth factors have also 
been described. See, e.g.. International Publication No. WO 94/12158, U.S. Patent No. 
5,134 5 122 and International Publication No. WO 96/37216. 

Faltal et al., Journal of Controlled Release 53: .37-143 (1998) describes nanoparticles 
20 prepared from polyalkylcyanoacrylates (PACA) having adsorbed oligonucleotides 

^aden^teimmuneresponses. Such carriers prase,,, multiple copies ofa selected antigen to 
the unmune system and promote trapping and retention of antigens in local 1>TOph nodes The 
_ particles can be phagocytosed by macrophages and can enhance antigen presentation through 
* cytokine release. For example, commonly owned, spending Applied No. 09/015,65? filed 
'^'^esc^s^^ 

to sumu.ate cell-mediated immunologic*, responses, as well as methods of making the 

rnicroparticles. 

in commonly owned phonal Patent A Pplicat ion 60/036,316, for example, amethod of 
formmg nncroparticles is disclosed which comprises combining a poller with an organic 
solvent, then adding an emuls.on stabilizer, such as polyviny. alcohol (PVA), then evaporating 
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the organic solvent, thereby forming microparticlc, The surface of the micropartic.es compnses 
the polymer and the stabilize, Molecules such as DNA, polypeptides, and antigen, nay 
then be adsorbed on those surfaces. 

It has also been shown that calionic lipid-based emulsions may be used as gene carriers. 
5 See, e.g., Yi et al., Cationic Lipid Emulsion; a Novel Non-Viral, and Non-Liposomal Gene 
Delivery System, Proc. Ml Symp. Control. Rel. BioacL Mater., 24:653-654 (1997)- Kim ct a. 

Nasal Administration. Proc. InH. Symp. Control. Rel. B,oact. Mater.. 25:344-345 (I**)- Kim et 
-L. In VUro and In V ivo Gene Delivery Usin g Cation ic Lipid Emulsion. Proc. Inf 1. Symp.' 
1 0 Control. Rel. Bioact. Mater., 26, #5438 (1999). 

While ^gen-adsorbed PLG micnoparticles offer significant advantages over other more 
tox,c systems, adsorption of biologically active agents to the microparticle surface can be 
problematic. For example i, is oflcn dirficill( „ impossible {Q ^ ^ ^ 

biologically active agents, such as polynucleotides Jargc polypeptides, and the like to the 
IS muscle surface. Thus,there is acontinued need for flexib.e delivery systems for SU ch 
agents and, particularly for drugs that are highly sensitive and difficult to formulate. 

Summary of the Invention 

The inventors herein have invented amethod of forming microparticlcs with adsorbent 
20 surfacescapableofadsorbinga.videvarietyofmacromolecules. The microparticles are 

comprised of both a polymer and a detergent. The microparticles of the present invention adsorb 
such macromolecules more efficiently than orher microparticles currently available. 

The microparticles are derived from a polymer, such as a poly(n-h y droxy acid) a 
polyhyd^xy butyric acid, a polycaprolactone, a polyorthoester, a polyanhydride, a PACA a 
2-5 Hycyanoacry.ate, and the like, and arc formed with detergents, such as cationic, anionic or 
nomomc detergents, which detergents may be used in combination. Additional^, the inventors 
have discovered that these rn.cropartic.es yield improved adsorption of vira, antigens and 
prov.de for superior immune responses, as compared to microparticles forn ie d by a process using 

^partoofthep^ ^ 
combination withPVA, adsorb a wide variety of macromoiecu.es. Accordingly, then the 
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mvenhon is pnxnarily directed to such nucroparticles, as we ,l » to processes for producing the 
same and methods of using the rmcroparticles. 

In one embodiment, the invention is directed to a microparricle with m adsorbent surface 
where. me microparticlc a ^ ^ ^ ^ ^ ^ ^ ^ - 

5 hydroxy acid), a polyhydroxy butyric acid, apolycaprolactone, a po.yonhoester, a 
polyanhydride, and a polycyanoacrylate. 

m another embodiment, the invention is directed to such microparticles which further 
comprise a selected macromolecule adsorbed on the rrJcropariicte's surface, such as a 
^'-*Upo«^ 
10 "^onmedtttor,^^^ 

antigen, an adjuvant, or combinations thereof, and the like. 

In another embodiment, the invention is d^ted to a microparticlc composition 
compnsing a select maeromolecule adsorbed to a microparticle of the invention and a 
pharrnaceuucally acceptable excipient. 

15 In another embodiment, the invention is directed to a microparncle comprising a 

biodegradable polymer and an ionic surfactant. 

having an adsorbent surface, the method comprising: 

(a) combining a polymer solution comprising a polymer selected from the group 
consisting of a po^-hydroxy add), a polyhydroxy butyric acid, a poiycaprolactone a 
polyester, a polyanhydridc, and a potycyanoacryla*, wherein ^ poJymer „ ^ 
at a concentration of about 1% lo aboul 30% in an organic solvent; 

and an anionic, cationie, or nonionic detergent to the polymer solution, wherein the 
detergentispresentataratioofO.001 to ^(w/wJdetd^enttopolymeMoforma 
25 polymer/deLcrgenl mixture; 

(b) dispersing the polymer/detergent mixture; 

(c) removing the organic solvent; and 

(d) recovering the micropartick. 

Preferably, the polyTner/ctetergent mixture is emuMcd to form an emulsion prior to 
30 removing the organic solvent. 
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In another embodiment, Ihe invention is directed to a microparticle produced by the above 
described methods. 

In another embodiment (he invention is directed to a method of producing a nucroparticle 
with an adsorbed macromolecule comprising; 
5 (a) combining , polymer solution comprising polKD.L-lactide-eo-glvcolide) 

wherein the polymer is present at a concentration of about 3% to about 10% in an organic 
solvent; 

and an anionic, cationic, or nonionic detergent, herein the detergent is present at a 
ratio of 0.001 to 10 ( w /w) detergent to po.ymer, to form a po.ymer/dctcrgent mixture; 
1 0 W dispersing the polymer/detergent mixture; 

(c) removing the organic solvent from the emulsion; 

(d) recovering the microparticle; and 

(e) adsorbing a macromolecule to the surf** of the microparticle, wherein the 
macromoleeule is selected from the group consisting of a pharmaceutical, a polynucleotide, 
a polypeptide, a hormone, an enzyme, a transcription or translation mediator, an 
intermediate in ametabolic pathway, an tmmunomoduktor, an antigen, an adjuvant and 
combinations thereof. Preferably, the polymer/detergent mixture is emuisfied to form an 
emulsion prior to removing the organic solvent. In another embodiment, the invention is 
directed to a microparticle with an adsorbed macromolecule produced by the above 

20 described method. 

In another embodiment, the invention is directed to a method of producing an adsorbent 
rmcroparhcle composition comprising combining an adsorbent microparticle having a 
macromolecule adsorbed on the surface thereof and a pharmaceutically acceptable excipien. 

Tn yet another embodiment, me invention is directed to a method of delivering a 
25 macrocode to a vertebrate sublet which comprise, administering to a vertebrate subject the 
composition above. 

in an additional embodiment, the invention is directed to a method for eliciting a cellular 
immune response in a vertebrate subject compnsmg admiring to , vertebrate subject a 

Ju invention. 
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In another embodiment, the invention is directed to a method of immunization which 
comprises administering to a vertebrate subject a therapeutically effective amount of the 
microporticle composition above. The composition may optionally contain unbound 
macromoJecules, and also may optionally contain adjuvants, including aluminum salts such as 
aluminum phosphate. 

In a preferred embodiment, the microparticles are formed from a poly(a-hydroxy acid); 
more preferably, a poly(D,L-lactide-co-glycolid e ) ; and most preferably, a poMD.L-lactide^o- 
glycolide). 

In a preferred embodiment, the microparticles are for use in diagnosis of a disease. 

In a preferred embodiment, the microparticles are for use in treatment of a disease. 

In a preferred embodiment, the microparticles arc for use in a vaccine. 

in a preferred embodiment, the microparticles are for use in raising an immune response. 

Each of the noncxliaustive previously described adsorbent microparticles may optionally 
also have macromolecules entrapped within them. 

These and other embodiments of the present invention will readily occur to those of 
ordinary skill in the art in view of the disclosure herein. 

Detailed Description of the invention 

The practice of the present invention will employ, unless otherwise indicated, conventional 
methods of chemistry, polymer chemistry, biochemistry, molecular biology, immunology and 
pharmacology, within the skill of the an. Such techniques are explained fully in the literature. 
See, e.g. Remington's Pharmaceutical fteatrxs, 18th Edition (Easton, Pennsylvania: Mack 
I'ublishing Company, 1 WO); Methods In Etymology (S. Colowick and N. Kaplan, eds., 
Academic Press, Inc.); Handbook of Experimental Immunology, Vols. J-IV (D.M. Weir and C.C. 
Blackwcll, cd 5 ., 1986. Blackwell Scientific Publications); Sambrcnk, et ,1, Molecular Cloning: 
A Laboratory Manual (2nd Ediuon, 1989); Handbook of Surface and Colloidal Chemtstry (Birdi, 
K.S., ed, CRC Press, 1997) and Seymow/Carrahev's Polymer Chemistry (4th edition, Marcel 
Dekkerlnc, 1996). 

All publications, patents and patent applications cited herein, whether^ or infra, are 
hereby incorporated by reference in their entirety. 
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As used in this specification and the appended claims, the singular forms "a," "an" and 
"lh S " include plural references unless the content clearly dictates othenvi.se. Thus! for example, 
the term "a microparticle" refers to one or more microparticles, and the like. 

A. Definitions 

In describing the present invention, the following terms will be employed, and are intended 

to be defined as indicated below. 

The term "microparticle" as used herein, refers t0 a particle of about 100 nm to about 1 50 
Mm in diameter, more preferably about 200 nm to about 30 urn in diameter, and most preferably 
about 500 nm to about 10 um in diameter. P.cfcrably, the microparticle will be of a diameter 
that permits parenteral or mucosal administration without occluding needles and capillaries. 
Microparticle size is readily determined by techniques well known in the art, such as photon 
correlation spectroscopy, laser diffractometry and/or scanning electron microscopy. 

Microparticles for use herein will be formed from materials that are sterilizable, non-toxic 
and biodegradable. Such materials include, without limitation, poly(a-hy<iroxy acid), 
polyhydroxybutyric acid, nolycaprolactane, polyorthoester, polyanhydride, PACA, and 
polycyanoacrylatc. Preferably, microparticles for use with the present invention a« derived from 
a poly(a-hydroxy acid), in particular, from a poly(l acl ide) ("PLA") or a copolymer of D .L-lactide 
and giycolide or glycolic acid, such as a polyfP.L-lactide-co-glycolidc) ("PLG" or "PLGA"), or a 
copolymer of D,L-lactide and caproluclonc The rmcropuruclcs may be derived irom any of 
various polymeric starting materials which hav e a variety of molecular weights and, in the case 
ofthe copolymers such « PLG, a variety of lactide: g Iycolide ratios, the selection of which will 
he largely a matter of choice, depending in part on the coadministered macromolcculc. These 
parameters are discussed more fully below. 

The ten* "detergent" as used herein includes surfactant, and emulsion stabilizers. Anionic 
detergents include, but are not limited to, SDS, SLS, sulphated fatty alcohols, and the like. 
Cationic detergents include, but are. not limited to, cetriniide (CTAB), bczalkonium chloride 
DDA (dimethyl dioctodecy] ammonium bromide), DOTAP, and the like. Konionic detergents 
include, but are not limited to, sorbitan esters, polysomes, po.yoxyethylated glycol monoethers 
polyoxyethylated alkyl phenols, poloxamers, and the like. 
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The tern, "net positive charge" as used herein, means that the charge on the surface of the 
microparticle is more positive than the eharge on the surface 0 f a corresponding micropartiele 
made using PVA. Likewise, the term "net negative charge' as used herein, means that the charge 
on the surface of the microparticle is more negative than the charge on the surface of a 
5 corresponding microparticle made using PVA. Net charge can be assessed by comparing the zeta 
potential (also known as electrokinetic potential) of the microparticle made using a cationic or 
anionic detergent with a corresponding microparticle made usmg PVA Thus, a microparticle 
surface having a 'net positive charge" wi.l have a zeta potential greater than the ^potential of 
the surface of a microparticle made using PVA and a microparticle having a "net negative 
10 charge" will have a zeta potential less than the Z eta potential of the surface of a microparticle 
made using PVA. As is apparent, the net charges for the microparticles of the invention are 
calculated relative to the zeta potential of a corresponding PVA microparticle. 

The term "zeta potential" as used herein, refers to the electrical potential that exists across 
the mterface of all solids and liquids, i.e., the potential across the diffuse layer of ions 
15 surrounding a charged colloidal parncie. Zeta polenual can be calculated from electrophoretic 
mobilities, i.e. ( the rates at which colloidal particles travel between charged electrodes placed in 
contact with the substance to be measured, using leehniques well known in the art. 

The term "macromolcculc," as used hercm, refer, to, without limitation, a pharmaceutical 
a polynucleotide, a polypeptide, a hormone, an enzyme, a transcription or translation mediator 
20 an mtermediate in a metabolic pathway, an immunomodulator, an antigen, an adjuvant, or 
combinations thereof. Particular macromolecules for use wUh the present invention are 
described in more detail below. 

The term pharmaceutical' refers to biologically active compounds such as antibiotics 
antiviral agents, growth factors, hormones, and the like, discussed in more detail below. 

A Nucleotide" is a nucleic acid molecule which encodes a biologically active (e g 
immunogenic or therapeutic) protein or polypeptide. Depending on the nature of the poLypeptide 
encoded by the polynucleotide, a polynucleotide can include as little as 10 nucleotides c g. 
where the polynucleotide encodes an an.gen. Furthermore, a ^ucleoUde" can include both 
double- and single-stranded sequences and refers to, but is not limiu*! to. ON A from viral 
procaryotie or eucaryotie mRNA, genomic RNA and DNA sequences from vtra. (c.g RNA and 
DNA viruses and retroviruses) or procaryolicDNA, , ld ^ 
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■ ~rr^--^^^Clrr ,,,,,,, * 

Hie (emu polypeptide" ami "protein" refer to a nolvm^r ,r • 
fragment* thereof are en™^^ hy , he ^ ... n Th ., , . ^ 

BY i, nam, . moleC(lfe w6ich CMllajM oM 

any .umber of epiwpe ^ 
HumanaPress, Totowa, New Jersey For , ,• ' i99G) 

81-39984002; Gcvsen ct d. (1986) Moke f mmu nol 23 709 71 < „„ ■ 

• ■ /oy "71 5, all incorporated herein hv 

reference jntlieir entireties. SirailarJv mnforn,.,- . . "cranny 

^^-^-t^^.r"" ,,, *'" ,,,ffl,l, ' 

There™--- ■ C ' e - g " r '"'"'*»'«"> i "«ftw^,.^™. 



WO 00/06123 



-10- 



PCT/IIS9?/173n8 



15 



10 



well as killed, attenuated or inactivated bacteria, viruses, parasites or other microbes. Antibodies 
such a* antiidiotype antibodies, or fragments thereof, and synthetic peptide mimoiopes, whid , 
can m.m.c an antigen or antigenic determinant, are also captured under the definition of antigen 
as used herein. Similarly, an oligonucleotide or polynucleotide which expresses a therapeutic or 
5 unmunogenic protein, or antigenic determinant in Wv 0 , such „ in gene ^ ^ ^ ^ 
immunization applications, is also included in the definition of antigen herein. 

Further, for purposes of .he present invention, antigens can be derived from any of several 
known viruses, bacteria, parasites and fungi, „ well as my of the various ^ 
Furthermore, for purpose., of the present invention, an "antigen" refers to a protein which 
10 includes modifications, such as deletions, additions and subs.itiuions (generally conservative in 
nature), to the native sequence, so long as the protein maintains the ability to elicit an 
immunological response. These modifications may be deliberate, as through site-directed 
mutagenesis, or may be accidental, such as through mutations of hosts which produce the 
antigens. 

An "immunological response" to an antigen or composition is the development in a subject 
of a humoral and/or a cellular immune response to mo I cclllcs pnaitit ifl U1C ampoMaa of 
interest, i- or purposes of the present invention, a -humoral immune response" refers to an 
immune response mediated by antibody molecules, while a "cellular immune response" is one 
mediated by T-.ymphocy.es and/or olher white blood cells. One important aspect of cellular 
immunity involves an antigen-specific response by cytolytic T-cclls ("CTL'V). CTLs have 
specific^ for peptide antigens that are presented in association with proteins encoded by the 
major mstocompatibilily complex (MHC) and expressed on the surfaces of cells. CTLs help 
induce and promote the intracellular destruction of intracellular microbes, or the lysis of cells 
mfected with such microbes. Another aspect of cellular immunity involves an antigen-specific 
response by heiper T-cells. Helper T« eils M t0 hclp stirau]ate [he md ^ ^ 

activity of, nonspecific eiTector cells against cells delaying peptide antigens in association with 
MHC modules on lheir sulJk;e . A ^ ^ ^ ^ ^ ^ ^ ^ 

cytokmes, chemokincs and omer such molecules produced by activated T-cells and/or other 
white blood cells, including those derived from CD4+ and CDS- T-cclls. 

A composition, such as an immunogenic composition, or vaccine that elicits a cellular 
•mmune response may serve to sensitise a vertebrate subject by Uxe presentation of antigen in 
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The cell<media(ed immune response is 

A composition which contains a selected antigen adsorbed in a • 
» ^— in-n W . ^ „ possesses , ^ 

^tbout association with thcmicropartjcle. Thus, a composition nay ^splay^aJ^Q^J^ 

The tenns "effective amount" or "pharmaceuticaHy effective amount" of a 
macromolccule.'iniciopartide, as provided herein ,,f . 
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response, and copending therapeutic effect, or in the case of delivery of a therapeutic protein 
an amount sufficient to effect treatment of the subject, as defined below. As will be pointed out ' 
below, the exact amount required will vary from subject to subject depending on the species 
age, and general condition of .he subject, the severity of the condition being treated and the ' 
5 parucular macromolecule of interest, mode of administration, and the like. An appropriate 
"effective" amount in any individual case may be determined by one of ordinary skill fa the art 
using routine experimenlalion. 

By -vertebrate subject" is meant any member of the subphylum cordata, including, without 
limitation, mammals such as cattle, sheep, pigs , goats> horsCi , and ^ 
10 such as do gs and rars; and hird , ^ ^ ^ ^ ^ ^ ^ ^ ^ 

mctodmg chickens, turkeys and other gallinaceous birds. The term does not denote a particular 
age. Thus, both adult and newborn animals are intended to be covered. 

By "pharmaccutically acceptable" or "pharmacologically acceptable" is meant a material 
winch „ not biologically or otherwise undesirable, i.e., the matenal may be administered to an 
15 mdividual along with the microparticle forrmnation without causing any undesirable biological 
effects or mtcracting in a deleterious manner with any of the components of the composition in 
which it is contained. 

By "physiological P H" or a "pH in the physiological range" ,s meant a pH in the range of 
approximately 7.2 to 8.0 inclusive, more typically in the range of approximately 7.2 to 7.6 
20 inclusive. 

As used herein, W refers to any of (i) the prevention of infection or reinfection as 
m a traditional vaccine, (ii) the M „ w c1imination of symp ^ ^ ^ ^ 

complete e,imination of the patho^ or disorder fa question. Treatment may be effected 
prophylactically (prior to infection) or therapeutically (following infection). 

B. General Methods 

The present invention is base d on ,1* discovery that ^ PLA and pLQ rf 
thepresentinvention efficiently adsorb biology activemacromolecu.es. Further these 
nucroparticles adsorb a greater variety of molecules, including charged and/ or bulky' 
macrc™iecules,mo re ^^ 
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a,0 ^ prevM ^™d>Wsea,ri,levarietyof 

■**»■ vaaodtW, p^in inhibi , ors ^ . *** 

'0 IGF-2, FGF, polynucleotides which encode therapeutic or itnraiinc^JIic^^teins 

msulmotropin, ANP FSH i h pvw ,„^u/v. ' 1NAU1 - BNF > 

v nnr, ran, LH, rbH and hCU, gonadal steroid hormones i™.™ 

.mormedtateutnet^ohep^,,,,,^ . 

antigens, and adjuvants. B nuna interferon, 

in a preferred embodiment the macrcmolecule is an antigen A Darti , 1 1 

mediated irnnuine responses in a vertebrate subject The abi,i ,7 " 

- ~-~ -JZZIZZT' 

-m. , incorporated into vaccine comoas.hW 
Thus, ,n adebtion to a conventional antibody response ft. « t u ° mp ° Sltl0ns - 
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immune responses are desired » f „ u, and/or bumoral 

» ^-l^rrr^:r■*: h,, * , - 

zoster virus (VZV), Epstein-Barr virus , * Qra V3ncel,a 

; — ■ 10J 1 foi a discussion of the various WW i 

20 review of VZV.) ' ^ f^) 67:1759-1816. for a 

Antigens from the hepatitis family „f vinises .... . . . 

andhepatitisGvimsaiGVOc^a^u,,, . tIS v, rus (HDV), hepatitis R vinis (HRV) 
».«3«. The 11CV « encote ^ * * ° ""*"* W0 W '«* -I WO 
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Similarly, the sequence for the 5-antigcn from HDV is known (see, e.g., U.S. Patent No. 
5,378,814) and this antigen can also be conveniently used in the present composition and 
methods. Additionally, antigens derived from HBV, such as the core antigen, the surface 
anrigen, sAg, as well as the presurface sequences, pre-S I and pre-S2 (formerly called pre-S), as 
well as combinations of the above, such as sAg/prc-Sl , sAg/pre-S2, sAg/pre-Sl/pre-S^ and pre- 
Sl/ Pre -S2, will find use herein. See, c.g., -HBV Vaccines - from the laboratory to license:^ case 
study" inMackett, M. and Williamson, J.D., Human Valines and Vaccination, pp. 159-176, for 
a discussion of HBV structure; and U.S. Patent Nos. 4,722,840, 5,098,704, 5,324,513, 
incorporated herein by reference in their entireties; Bcames et al., J. Virol (1995) 69:6833-6838 
Birnhaum et al.,./ Virol. (1990) 64:3319-3330; andZhou et A, J. Virol. (1991)65:5457-5464. 

Antigens derived from other viruses wall also find use in the claimed compositions and 
methods, such as without limitation, proteins from members of the families Picomaviridae (e.g., 
poxviruses, etc.); Caliciviridae; Togaviridae (e.g., rubella virus, dengue virus, etc.); 
Flaviviridae; Coronaviridae; Reoviridae; Bimaviridae; Rhabodoviridac (e.g., rabies virus, etc.); 
Filoviridue; Paramyxoviridae (e.g., mumps v i ruS) measles vims, respiratory syncytial virus, etc.); 
Qrmomyxoviridae (e.g., influenza vims types A. B and C, etc.); Bunyaviridae; Arenaviridae; 
Relroviradae (e.g., HTLV-I; HTLV-II; HIV-1 ( a l so known as HTLV-IH. LAV, ARV, hTLR, 
etc.)), including but not limited to antigens from the isolates HTV Jllb , H1V SH , HIV, Av , mvj, 
HIV^); HIV-l^, HIV-I^; HTV-2; simian immunodeficiency virus (SIV) among others. 
Additionally, antigens may also be derived from human papillomavirus (HPV) and the tick-borne 
encephalitis viruses. See, e.g. Virology, 3rd Edition (W.K. Joklik ed. 1988); Fundamental 
Virology, 2nd Edition (B.N. Fields and DJvL Knipe, eds. 1 99! ), for a description of these and 
otlier viruses. 

More particularly, the g P 120 envelope proteins from any of the above HIV isolates, 
including members of the various genetic subtypes of HTV, arc known and reported («*, c.g 
Myers et al., Los Alamos Database, Los AW National Laboratory, Los Alamos, New Morico 
(1992); Myers et al., Human Retroviruses and Aids. 1990, Los Alamos, New Mexico: Los 
Alamos National Laboratory; and Modrow et al., J. V iro l. (1987) 61:570-578, for a comparison 
of the envelope sequences of a variety ofHTV isolates) and antigens derived from a„v of these 
isolates will find use in the present methods. Furthermore, the invention is equally app , icable t0 
other immunogenic proteins derived from any of the various HIV isolate.,, including any of the 
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various envelope ptoteins such as ail 60 aiiderwii • 

61 m ' ■*» gag antigens such as p24ea ff 
well as proteins derived from the pol region. P " 

Influenza virus is another example of a virus for whirl, «. 

particularly „ sefu . Spedficallv the , ^ fawnti « be 

jr rami, specifically, the envelope glycoproteins HA and v ifl r fl 
5 P^cu.arintere.tforgeneratinganin™^ ' "s HA and NA of influenza A are of 

have been identified nr „ UmCr0US 1IAs «*yP« of nfhm. A 

nave been ident.fied (Kawaoka et al., Wtatogy (19901 1 79-750 ^7. ^ . 

10 Tk C0 '" P< """"' ! » d "" : *»* bribed hmin 

lta^^onofmacr»ronlOTlesi 0 to surj a,.. f , h .^, ,. 
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For example, microparticles manufactured in the Dieses „f k 
"™iiWedmtt anionic de mm , t ""WmiIh. Fore^o.^,,,^ 

an. urns, e.g, forPLA, a suitable molecular wcichi win k. „, 

•bou 100,000. ' Md mMI prefmbl >- *« ■».<» lo 

"sorting copol^rti^j.ap,.,. / "Sl)»»W».w,Ilp ro » ldclta 
Z5.25 PLC, degrades more slowly, and 8515 _j o/v ,„ 

slowly. d« eMa „ iTOasedlacIi(le ,,««.,•, aSU5 " d * U0 '<™"»»° 

' "~ ° f "°»1»>W- with Wfc^ 
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ratios will find use herein in order to achieve the desired release kinetics ioragivea 

Binnineham AL iw i Birmingham Polymers. Inc., 

J. Biomed. Mater. Res. (1988) 22:837-858. ,n ^ et ' 

The niacromolecule/microparticles are oren^ • 

usedherrintoinake.hemicronarticle, th. . . ■ (1988 > 3 6-W5-H03, canbe 

iic inK-ropamcies. These fechniuues involve th*. form,.- 

» anisic. or ^ ^ ^ **' ^ PWidone, „d a 

^Monauhfcrand/ordetejt Tit, " n "*'— *—* — «— . 

r urgent, e.g., a combination of PVA and a a* 

. ====== " 

fromaboutO.00011 to about OOM ™ut(). U W ,U be used, more preferably 

to about 0.01 . 1, mo-re preferably from about 0.001 : 1 to ab cut 0.01:1, an/ 
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evenmorepreferablyfeTn about 0.005:1 lo about 0.01.1. The mixture* then homogenized to 
produce a stable w/o/w double emulsion. Organic solvents are thai evaporated. 

The formulation parameters can be manipulated to allow the preparation of small 
microparticles on the order of 0.05 um (50 run) to larger mickeies 50 um or even larger 
5 See, e.g., Jeffcry ct al„ Pharm. Res. (1993) 10:362-368; McGcc et al., J. Uicroencap. (1996). 
For example, reduced agitation results in larger microparticles, as does an increase in internal 
phase volume. Small particles arc produced by low aqueous phase volume, with high 
concentrations of emulsion stabilizers. 

Microparticles can also be formed using spray-drying and coacervation as described in, 
10 ^ThcmMinctd^Co*^ 

K. (1976) Spray Drying 2nd Ed. Wiley, New York; air-suspension coating techniques] such as ' 
pan coating and Wurster coating, as described by Hall et al., (1980) The "Wurster Process" in 
Controlled Mease Technologies: Methods, Theory, and Application, (A.R Kydonicus, cd.). 
Vol. 2, pp. 133-154 CRC Press, Boca Raton, Florida and Deasy, P.B., Crit. Rev. Ther. Drug 
15 CarrierSyst. (1988) S(2):99-139; arf Junk gelation « described by, e.g., Lim etal. Science 
(1980)210:908-910. 

Particle size can be determined by, e. e ., laser light scattering, asing for example, a 
spectrometer incorporating a helium-neon laser. Generally, particle size is determined at room 
temperature and involves multiple analyses of the sample in question (e.g„ 5-10 times) to yield 
20 an average value for the particle diameter. Particle ,i» is also readily determined using scanning 
electron microscopy (SEM). 

Following preparation, microparticles can be stored as is or freeze-dried for future use. In 
order to adsorb macromolecules to the microparticles, the microparticle preparation is simply 
mixed with (he macromolecule of interest and the resulting formulation can again be lyophilized 
25 pnor to use . Generally, macromolecules are added » the rmcroparticles to yield microparticles 
with adsorbed macromolecules having a weight to weight ratio of from about 0.0001: 1 to 0.25:1 
macromolecules to microparticles, preferably, 0.001 : 1 to 0. 1, more preferably 0.01 to 0.05. 
Macromolecule content of the microparticles can be determined using standard techniques. 
The microparticles of the present invention may have macromolecules entrapped or 

example, one of skill in the art may prepare m accordance with the invention micropartic les 
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ba™, g m^mt ad ju v» ls ^ prmci „ s ^ ^ ^ 

-**« « «*W »* as safe, 6lycer( „ 

™^„ hciproviteaKromiuJaSo „ w . ftfcdesiredpiii ^ > 
Mb* sdra. Hank's buffered safin,, ™j .he lite. 

~i M »» ymKOT10l ^ TOyberacapsu , 8ttdwiai ; 
IU /. Span 85 <op nn nally coMatai^ varioffi am(nin , s " 

so, s,™^^, L121> „ d ^ (scc Ww;) ^ ^ ^ 
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sutanicron elision or vortexed to generate a larger particle size emulsion, md (c ) Rj bi ™ 
adjuvant system (RAS ), (Ribi Immunochem, Hamilton. MT) containing 2% Squalen, 0 2% 
Tween 80, and one or more bacterial eel! wall components from the grcup consisting of 
monophosphorylipid A (MPL), lrc ha.o Se dilate (TDM), and cell wall S Le leto n (CWS) 
5 preferab.yMPL , CWS (I*tox™) (f^^^ 

emuW for use herein, seecommonly owned, patent application no. 09/015,736, filed on 
January 29, 1998);(3)sa P onin a{ , Juvants , slJchasQS21 (, g? SlimuIon ™ (Cambridgc 
Btosaence, Worcester. MA)) may be used or particle generated therefrom such as ISCOMs 
postulating comp.exc s); (4) Compiete Freunds Adjuvant (CFA) and Incomplete 
10 IWls Adjuvant flFA); (,) chines, S(lch as bterIeukills ^ ^ ^ 

colony factor (M-CSF), tumor necrosis factor (TNF), etc, (^detoxified mutan. of tt 

bactenal ADP-rib.syla.ing toxin such as a cholera toxin (CT), apenussis tox* (PT) or at, E. 
coli heat-labile toxin (LT), particularly LI-K63 (where lysine is substituted for the Jild-type 
ammo acd at position «, LT-R72 (where arginine is subshtmcd for the wild-type amino acid at 
15 ^^CT-S109( W he^^^ 

and PT-K9/G129 (where lysine is substituted for the wild-type amino acid atposition 9 and 
glycine substituted at position 129) (see, e.g., International Publication Nos. W09VI 1202 and 
W092/19265); (7) CpG oligonucleotides and other immunostimulaung serene. (ISSs)- and (8) 
othcrsubstanccs thai act as immunostimulaung agents to enhance the effectless of the 
20 composition. Alum and MF59 are preferred. 

Muramyl peptides include, but are not limited to, I^yl-n«iyW^ waivl . D . 
. S oglutannne(thr-MDP),N- ac teyl-,« a my,^ 

huydroxyphosphoryloxy)-ethylamine (.MTP-PE), etc. 

Approach, Powell, M.F. and Newman, M.J, eds., Plenum 19 95) 

Th. ^positions will conint , se a ., herapetltit;ally ^ ^ of macfomolecuIe 
of mterest. That is. an amount of macromolecule/ microparticle w,l, be included in the 

rill- d ~^ osesymptows - ^--^-c-yw,,,^,^.; 
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routine 
is a 



Jiai, ^ J ^aoout lug (o about 1 ma 

I0 i~^^--~--^rr < i 



ibout 500 ng 

^m,. o^^,^^^ ^ 



separate doses, 
' w " l " ,w,i lv maintain and/or reinforce 



» ^^^^^ ^ ere „^ ~ 

25 atastsmlMbseqM to prima,, generally 



C, Ibcperimental 



B*. „ ^ of ^ ^ 

cxmplesareolifaedforniusMivep™™^,^ . 11,6 
3» l—ta-tah^. 
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Rxample 1 

Preparation of Riant Microparticles I hing 
PVA as an Ermikmn gfHIrrr 

usmg polyvmyl alcohol (PVA) as follows. Solutions used- 
CD 6% RG 504 PLC (Boehnnger Inge.hei,,) in dicb)oroJnethane . 
(2) 1 0% polyvinyl alcohol (PVA) (JCN) in water 

^^ W ^, M . Ihew/OM . OTlusionwasMs ^ g 

sizer for future use. 
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Hxumplc 2 

Btak mickeies were produced using CTAB as follows. Solutions used- 
CD ^^^(Bo^l^^^j^ 
(2) 0.5% CTAB (Sigma Chemical Co., St. Louis, MO) in walC r. 

In particular, the microparticles were made bv combining ' 2 5 ™i „f . 
1 25 ml n f Hi.Mii » , ' mDInmg l2,5 ml of Polymer solution with 

w/o/ 1 solution and homogenized for 3 minutes to form t w/c-Av emulsion The 
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Example 3 
ZrgEgration °f Blank Microti- i 
Blank micropartides were produced ^ SDS as follow. Solutions 

(1) 6% RG 504 PLG (Boehringer Ingclhcim) in dimethyl chloride. 

(2) 1 % SDS (Sigma Chemical Co., St. Louis, MO) i 



™~r^^ ^c^opanici^el 
15 sized m a Malvern MasCcr ^ f or r ulure usa * ^ 
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Example 4 

Adsorption of IW„ m n, an]c Mjcr0Dartld<>c 
Protein was adsorbed to microparticles as follows. 
A - 1% md y/ ° 'he orelical load nf f ^m. f , 
h «*r » achieve ,% and W .w™, , oads . SOmg „ fc 

a* (b, to, 3^^, tad ,o m , ou ,5(teM p^g Mtai011 w ^ ^ 
m . S . 0re ^,„ cnbateJwjfllrodd ^ OVOTi8hlatraomtimi)erto ^ ^ 
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B. 1% theoretical load of HCV Core Antigen 

wta, to detemin( , „,„ ' ■ n), to hcv 

l«» nl b 3d m , W3ttr , ^ , vopljliad ^ 



Examples 

-* "My pva. " , ° re «- »*■»«■*. «k 



20 



TABLE J 
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Example 6 

A. ImmuJiogenicitvor OY .^ qrbedMi ^^ 
The gag-adsorbed microparticles, produced using PVA or SDS, as described in Example 4 
a* well as p 5 5gag alone, without associated nucroparticles (as a negative controi) and vaccinia ' 
gag-pol controls (as a positive control) were administered tauscularly to mice. The animals 
were boosted at 7 and 14 day, The total dose administered is indicated in Tables 2 and 3 
Spleens were collected two weeks following the last indorsation and CTL activty assay* as 
described in Doe et al., Proc. Natl Acad. Sci. (1996) 93:8578-8583. 

The lymphocyte cultures were prepared as follow, Spleen cells («, from immunimi micE 
were cultured in 24-wel. dishes at 5x1 0< cells per well. Of those ce.ls, 1x10' were sensitized 
w,th synthetic epitopic peptides form HV-1 „ protein, a t a concentration of 1 0flM for 1 hour at 
37-C, washed, and coculturcd with the remaining 4x10' untreated sc in 2 ml of culture medium 
[50% KPMI 1640 and 50% alpha-MEM (GIBCO)) scented with hcat-inacttvated food calf 
serum, 5x 10- M 2 TOpl oethanol, antibiotic and 5% inlerleukin 2 (Rat T-Stim, Collaborative 
Biomedical Products, Bedford, MA). Cells were fed with 1 ml of fresh cu.turc medium on days 
3 and 5, and cytotoxicity was assayed on day 6. 

The cytotoxic cell assay was conducted as follows. SvBALB <H-2<) (SvB) and MC57 (H 
*> target ells used in the «Cr release assays express class I but not class TT MHC molecules 
Approximately lxl0» target cells were incubated in 200*1 of medium eontaming 50 M Ci (1 Ci - 
37 Gbq) of «Cr and synthetic HIV-, peptides (lmM)for 60 min and washed three times 
Effector (E) cells were cultured with 5xl0> target (T) ce l ls al various m ra ,„ s , B rf 
culture -tahJ^^^^,.^ Theaveragcepm from 
dupl.cate wells was llse d to calculate percent specific s, Cr release. 

As shown in Tables 2 and 3, the SD S -PLG/ P 55 microparticles had activity comp^ ro 
the vacoma control and was more active than the PVA^PLG/p55 rnieropartieles and the P 55ga^ 
protein formulation. Specific^ as shown i u Table 2, P 55ga g protein wore inactive at * 
concentrations of !0.ug, 25 Mg and 50ug. Furte. as shown in Table 3, the SDS-PT 0^ 
formulations were mo* active than the PVA-PLG*55 and p55 g a g protein f^' 
indicating that proteins were adsorbed more efficimtlv t« ii,., • 

. , . oreeIftc,e,1tl y toln e"«crop E iticlesintheSDS-PLG/p55 
formulations as compared to the PVA-PLG/ P 55 and pSSgag protein formulate. 
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TABLE 2 

PHRCHNT SPEriFrr i vg^OFT^gcr: 

Antigen Adjuvant 
(Adj. Dose) 



p55gag protein 
(10ng) 




;Svh ceil line without peptide pniSJg 

•££ \T J? pulsed with p7 e W** 

cell Ime pulsed with p7g peptide 
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TABLE 3 

PKRCHNT SPECIFIC T.YSIS OF TARGRTS 



. 




Effector 


R:T Ratio 


MC57 a 


MC57 + 
gag b b 


oVd + 

gagb c 


PVA-PLG/p55 
10|ig 


<50;1 


8 


15 


U 


12:1 


3 


10 






2,4:1 


>1 


5 


2 


SDS-PLG/p55 


60:1 


6 




4 


lOpg 


12:1 


3 


12 


>1 




2.4:1 


>1 


3 


2 


p55gag 
protein lOfxg 


60:1 


7 


15 


1 


12:1 


2 


6 


I 




2.4:1 


>l 


■ 


>1 


Vaccinia gag 


60:1 


>1 


37 


>) 




12:1 


>1 


19 


>1 




2.4:1 


1 


9 


>1 









'MC57 tell Hue without pulsing with peptide 
"N1C57 cell line pulsed with gag b peptide 
{ SVB cell line pulsed with gag b peptide 



Example 7 

Preparation of n CMVeol2Q ONA-Adsorberi 
Mjaoparticles with Modified Surfa^s 
Micropores with adsorbed plasmid Dh^^^ prcpared as ^ ^ 
mg of blank mi crop arti c» e ^ prepared as described in Espies 1 and 2, were incubated with 
™ng concentrations of pCMVgpl20DNAin a 1.0 ml volume for 3 hours al 4*C 
Followingincubation, the microparticle, were centred, washed rwice withTri.-BDTA buffer 
and fre^e dried ovemtght Ther.cropar.cl. were hydrol yze d as de.cnbcd in B Xam p, c 5 and 
analyzed for the amount of adsorbed DNA at a^. nm. 
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Tabic 4 illu.trates the loading efficiency of PLG-PVA and PLG-CTAB micropartictes 4s 
indeed in the table, the PLG-CTAB micropores adsorb more efficiently than the 
corresponding PLG-PVA particles. 





TABLE 4 


Mfcroparticle Type 


Theoretical Actual Load 
! ^ad (% w y w j 
(% w/w) 


Loading 
Efficiency 
(% w/w) 


PLG-PVA 
PLG-CTAB 


1 0.44 
1 0.84 


44 

88 


PLG-PVA 
PLG-CTAB 


2 0.38 
2 1.23 


19 

62 


PLG-PVA 
PLG-CTAB 


3 0.33 
3 1.82 


11 
61 


PLG-PVA 
PLG-CTAB 


4 0.48 

4 2.36 


12 
59 







Example 8 
HCV-E2 Adsorption 

ttenprtck. were prepaid using p VA, and several different detergent, a, described in 
•ta Previous examples. E2 protein from Hepatitus C Virus (HCV) was adsorbed on the surface 
of .he microparticles as foHows: 0.2 njgtal E2 was added to 20 mg of Uie mkropariides iu PBS 
to form a solution at 0.5% w/w E2/PLG in a total volume of 0.5 ml. The solutions were 
incubated for 1.5 hours at 37>C, Q,en centnfuged. The supernatant* m collet and then 
measured for protein content by microBCA. The results arc show, in Table 5. Theresults 
confirm the superior adsorption of macromolecuies by the microparticles of the present 



invention. 
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TABLE 5 




Example 9 
Adsorption of ppi?np^ Hn 
Micrcparticles were prepaid using PVA as described in the previous example 
M.croparticleswerealsopreparedu.sinuNaOleate^^ 

m , , • g 'NaOleate, an anionic detergent, as follows: a w/o/w 

.* mi or u^JNLtOleate as the external aqueous otace TW* - 

mi „ „-, 3S8 "' S, " l ° f, ' rMM ™»l*»lK> i *o«t20 mi .oflh c 
n.<™ PM cl« H PB Slofomss< , lu , lt , nallh()ut - 

mi n. > • gpi ' iL,/PLG in a tola volume ofox 

ml. The solmxms were fccubaled for 1 5 h volume ot 08 

Table 6. The results * ™croiiLA. The results are show in 
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TABLE6 



1 Microparticle Type 




protein 


% bound 
(w/w gpl20/PLG) 


% total E2 
bound 


PVA-PLG 


gp!20 


0.01 


0.00 


PVA-PLG 


gp!20 


0,09 


3.00 


iNauieate-PLG (w/o/w) 


gp!20 


1.33 


96.00 


iNauieatc-PLG (w/o/w) 


gpl20 


1.24 


95.00 


NaOleate-PLG (o/w) 


gp!20 


0.41 


31.00 


NaOleate-PLG (o/w) 




0.27 


20.00 


NaOleate-PLG (o/w) 


gp!20 


0.36 


28.00 1 


NaOleate-PLG (o/w) 


gpl20 


0.27 


22.00 I 


J NaOleale-PLG (o/w) 


gpl20 


0.34 


26.00 


NaOleate-PLG (o/w) 


gpl20 


0.31 


24.00 


NaOleate-PLG (o/w) 


gpl20 


-0.01 


-1.00 


NaOleate-PLG (o/w) 


gpl20 


-0.09 


-7.00 | 



Example 10 
Adsorption of Listerioly sin Pmt^ 
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no results are shown .„ Table 7. The i 
ecules by the microparticles of the prcscnl 



confinnthesuperioradso^ionofniacn,^ ^ ^ 



invention. 



TABLE 7 




Example 1 1 
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immunization, senJJn ^ and , 

mice. a ' Cr * 8C 0t * e obtained from the ten 

5 



TABLE 8 




10 ^ ° rdCr * """P™ ftcsc res ul (s slalistica| , p 

DNA-CTAB 4 ALUM (P-v,fc e = 0.0017)- ^1 * * 



15 



20 



«™piccclL The counter i 5 then set to 
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zero by aligning (he bcarn to i te lowes t value Th, 

— «* W fromthefioftwarc and " ,f0WbeamSarCCheC ^^^ Sampkisrunby 

, rt „ „ warc . and frequency measurements are n*,! ru , 

20 Ha apart. * — « — Mfc...^^^- 11 ""—Mb. 

Measurements for several min. ^- , 

poienuaii of the microparticles. 



10 



TABLE 9 



Micropartlcle 
Type 

J PLG-PVA 


Adherent 
macrornolecule 


Zeta Potential 
(mV) 


none 


-26±8 


PLG-CTAR 


none 


+83 ± 22 


P^G-CTAB 




+35 ± 14 


PLG-SDS 


none 


-44 * 26 


PLG-SDS 


p55 protein 


-32 ± 18 


PLG-Oleate 


none 


-64 ± 24 


' PLG-OJeate 


gp!20 protein 


-48 t 14 



Example^ 

<*- PMH >»*. Th. WJ5 _ - « «-«., «, 

™*'a*«taronc^thenjyophiIiz«l 
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Following base hydrolysis ^ net^ii^ lhe % - 

(B). ^^P^ticleswerepreparedusingSDSandRGSOSPLG^ 
wa Sa ddedto20 ra ,ofl %S DS a n„ th ^ ■ Tie w/o emulsion 

nucroparticles was mixed with 100 *q Tnr 

wim iuu yg CpG oligonucleotides and extort „w 

w-thGMUreafpH^containingHO^p^^p^ T1 . ^ 
mrl™,,, • i_ ^P-^g protein. The mixture was incubated with 

TABLE 10 



25 
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Example 14 



25 



====== — ~ 

w H*» in the supernatant was assayed bv HPT C m m 
niicropwiidcs were incubated for 4 hours with, , ,he ^P^d 

appears in Table 11. P ' ^acromolecules 



30 
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TABLE 11 



Microparticle 
type 


% adsorbed E2 
(w/w)* 


% adsorbed CpG 


(A), PLC-SDS 
E2 adsorbed 
CpG adsorbed 


0.71 


0.32 


(B). PLG-SDS 
E2 adsorbed 


0.64 


n/a 


(B). PLG-SDS 
CpG adsorbed 

* tariTPtrvl 1 


n/a 

nut] = 1 fl 0/ 


0.SI 



Example 15 

Micronarticl cs Fotmed Using Combination of Determ ent and PVA 
The following procedure was used to form microparlicles comprising two surfactants: PVA 
and a detergent: 1 0 ml of 5% 1'LG polymer and 0.2% of the detergent DOTAP in DCM were 
emulsified at 12,000 rpm for 3 minutes with 1.0 ml distilled waterto form the primary w/o 
emulsion. The w/o emulsion was added to 40 ml of 0.8% PVA and emulsified for 3 minutes to 
form the second w/o/w emulsion, which w as stirred overnight to evaporate the solvent, and 
microparticles were formed. The microparticles were washed twice k distilled water and 
lyophihzed. The microparticles are then ready for adsorption of macromolcculcs in accordance 
with the present invention. 

The same procedure was employed to form microparticles comprising a combination of 
PVA and the detergent J)DA. 



Example 16 

Immunogenkity of Microparti cles With Adsorbed pS5 DNA 
Microparticles were formed » m the previous examples using the detergents CTAB or 
DDA. P 55 DNA was adso^ed to the micmpanic.es and immunogenic^ was assessed using the 
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procedures described in in the previous exiles. T*e 



below. 



results are summarized in Table 12 



TABLE 12 



PERCENT SPECIFIC LYSIS OF TARGETS 
Effector 




"SVB^elUh* pulsed ^ gag b 



10 



Examplen 

following administration as follows- Two p™ # • , Mondays I «d 14 

Boa TA muafa fa, cad, ™„ !t j. , 0X1 00 tM k ^ 
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10 



15 



was 



(^"at e a )m d e r s »to <; e < in as hfo,L U cife lse „ pressi „ S™MU00O 
.wckfPra^g.ja.io^,^^^ "-^l- The Wife™, ^ 

T o tk* «t . , un me piate and were serially dilute 

for each sample. ^ 



s were measured 



The results are tabulated below in Table 13, 

TABLE 13 



Microparticle Type 


In vivo luciferase 
expression Day 1 

<PB> 


In vivo luciferase 
expression Day 14 


PLG-CTAB 
Luciferase DNA 
| adsorbed (50 ug) 


9.51 


44.95 


Luciferase DNA 
| alone (50 ug) 


6.78 


3^1 



Example 18 
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type of rmcroparticle. The geometric mean titer (GMT) of swum from each mouse was 
measured, then averaged for the group of 10 animal, Stood** error (SE) was also calculated 
F.shcr's PLSD (significance level 5% ) was measured at p - 0.0006. The results arc shown in 
Table 14 Mow: The results clearly demonstrate superior induction of humoral 
using the adsorbed microparticlcs of the present invention. 



immune response 



TABLE 14 



10 



Formulation ~GMT 


SE 


PLCj with entrapped E2 293 


270 


PLG with adsorbed E2 31 22 


13T0 



Example 19 

Immunogenicity of Microparticles with Hfr y B1E2 Protein ArWK^ tu^-* 
PLG-CTAB microparticles were prepared using the procedures discussed in the previous 
example, E1E2 protein from Hepatitis C Virus (1ICV) was adsorbed thereon. Thepaxticles 
were used to immunize mice, with or without the adjuvant Alum, in dosages of microparticles 
calculated to provide either 1 0 ug or 1 00 ug of protein. Geometric mean titer was measured, and 
15 the results are shown below in Table 1 5. 



TABLE 15 



Formulation 


GMT 


SE 


PLG/CTAB E1E2 (10 ug) 


4117 


; 558 
1 


PLa'LTABElE2(100ug) ~ 


75g3 


659 


PLG/CTAB E1E2 Alum (10 ug) 


^ 3356 


436 


PLG/CTAB E1E2 Alum (100 llg ) 


10485 


1548 


HL'VElE2DNA(10 U g) • 


87 


63 


IICVElE2DNA(100ug) j 


7621 


571 
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As the results indicate, fl» microparticles with protein adsorbed thereon produce 



immune response at the 10 ug dose. This demonstrates that the 



a superior 



microparticles have the 
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* MH8 .or bEtaglBellllil , eta ,„ g , TCerew!ii|o ^ 

to generate such responses. wn ere tree DNA is unable 



Hxamplc 20 

^eeicspost2 immunization (2wp2i and 2 weeks nostra 

*~n M „ 
15 invention. usin fe *e adsorbed m^cropartieies of the present 



20 



TABLE 16 



PLG-PVA/p24 
__£?g(2wp2) 

p24gag 
_9lone^2wp2) 
PLG-PVA/p24 
g«g(2m>3) 



Jjlone (2wp3) 
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1M Immunization of P « n P~,.,„ 1 nd VmUm Mjm ^ 

providing free soluble p55 gag, and to determine fee effects of having the adjuvant CpG (20 base 
provded u. See s.h,b,e fan. The different g.oaps we* p[eparal „ ^ 

Group 3 used PLOSDS parted , vlth p5J ^ ^ ^ 

Gn, 4 u«d P M / SM p rfc .e, wirh adsorbed p SS gag and „ adjnvllllt 
Croup 5 used PLG/PVA particles wift p55 gag MMpped tllerein miMd 
particles with CpG adsorbed. 

Croup 6, a control, used no anrigen, and soluble CpG. 

Gtoup 7, artier control, used soluble p35 gag protein and no adjuva* 

Foreachg^p, ' » — were i^nuni^ ^ ft ^ ^ 

MnL w ^ mia »«d, the results of which appear below i„ Table 17. Lysis oftargets 
»yCTL was alson.^sured^e.hgroup.th, results of which appear beiow in Tab., IS. 
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TABLH17 



Gronp 



Form of pS5 gag 
Protein Antigen 

soluble 



Scrum IgG Titer 



adsorbed on 
PLG/SDS particles 



Form ofCpG 
Adjuvant 

adsorbed on 
PI.G/CTAB particles 
adsorbed on 



adsorbed on 
PLG/SDS particles 



adsorbed on 
PLG/SDS particles 



entrapped within 
PLG/PVA particles 



soluble 



soluble 



vaccinia virus 
( w gag) 



PLG/CTAB panicles 



soluble 



none 



adsorbed on 
PLG/CTAB particles 



soluble 



none 



none 



49750 
62750" 

" 7550"^ 



127000 
2913 
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TABLE 18 




^vtf cell line pulsed with melevut peptide 
"SvB cell Itne pulsed with p7g peptide 



Example 22 
Adsgrp Uon vs. Entrap ment nf pss p NA 

„5S „lT :TAB mi ' !r< " > " , "" e ' Wi '" ^ ^ DNA " ™ d PLffiPVA »*"*■«« * 
P« DNA aftappe* wi^ „ we foaned „ iacM ab0(e .„ <he ^ 

as described m the previous examples at four we^ i * ■ 

pic^, dL roui weeics post 1 immunization (4wnU w o a * 
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The re^ts, shown in Table ,9 below, demote a Oca, advantage of the adsorbed 
nucroparticles over both entrapped and free p55. 



Formulation 



PLG/CTAB with 
p55 DN A adsorbed (1 ^) 

PLG/PVAwith 
p5S DNA cntrappcd(l u g) 
p55 piasmid alone (1 ug) 



p5S plasmid alone (10 ug) 



4wpl 



576 



996 



912 



1489 



TABLE 19 



2wp2 



79300 



1915 



1149 



10700 



4wp2 



156000 



2215 



1360 



7885 



6wp2 



227000 



1376 



701 



13wp2 



988000 



25100 



15wp2 



123000 



1075 
26300 i 316W 



1084 



742 



17300 



Examp le 23 

PLG/CTAB microparticles with adsorbed SP 120 DNA were formed as described above in 
desenbed ,„ the previous examples. ^ rcsults m ^ . , ^ 2Q 



TABLE 20 



Formulation 



PLG/CTAB gpl20 adsorbed 

C25 ud 
PLG/CTAB gp 1 20 adsorbed 
(25 w) 
+ Alum, phosphat e 
soluble gpl20 DNA (25 (ig) ~ 
+ Alum phosphate 



sojuble ^l 20 DNA (25 M ) alone 
MF59 protein (50 u.g\ 



GMT 



1435 



3624 



119 



101 



3468 



SE 
383 



454 



606 



55 



911 
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Example 24 

„„, s!!s5s ^^^ 

of rn.ee «* 25 m m ^ ^ induclioii (co|lec|ion ^ 

and four wftPirc«nri-ini- . . i> w PA ^2), and two 

•*» p55 DNA alone or with 10 |jg chota to ,„. Th M. ^ ^ „ 



TABLE 21 



Formulation 

PLG/CTABwith 
p55 DNA adsorbed (25 ue) 
PLG/CTABwith 


2wpl 
189 


4>vp2 

529 


2wp2 

1412 


4wp2 

882 


2wp3 

908 


4wp3 

742 


. p55 DNA adsorbed (100 ue) 


128 


383 


3462 


2887 


289000 


134000 


PLG/DDA with 
p55 DNA adsorbed (25 \ig) 

PLG/DDA with 
p55 DNA adsorbed (1 00 ^ 


24? 


482 


1223 


338 


940 


545 


1351 


2538 


134] 


357000 


161000 


soluble p55 DNA(100^gj 
+ cholera toxin (10 ug) 


195 


270 


2298 


"617 


1549 


862 


soluble p55 DNA (1 00 ng) 
alone 


362 


260 


618 


190 


285 


263 1 
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Group 



TABLE 22 



PLG/CTAB with 
adsorbed p55 DNA 



mi/DDAwith 
adsorbed p55 DNA 




Dose of p55 DNA 



p55 DNA plus 
cholera toxin (10 ug) 

P55 DNA alone ~ 



■SVB cell line pulsed with irrelevant peptide" 
S vB cell lire pulsed with P 7g peptide 




dw .. A |' il0U ^ 1 P re * : ' re,i embodiments ofthe subject invention have been described in some 
■to scope of the mventon as defined by tie appended claim* 
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We Claim: 



1 • A m.croparticle having an adsorbent surface, said microparticle comprising- 

polyhydroxy butyric acid, a po.yca^actone, , ^ . ^ £ 
polycyanoacrylate; and 
a detergent. 



10 



'active 
' active 



15 



2. The microparticle of cla,m 1, further comprising a first biologically , 
macromolecule adsorbed on the surface thereof, wherein the first biology , 

Option or Elation mediator, an intermediate in a metabolic pathway, « 
iratnunomodulator t and an adjuvant. 



3. The microparticle of claim 2, further compn^ . ^ biological]v ^ 
macromoioculc encapsulated ^^^ao^^*^*^^ 

20 P^-'eo^^ a 

transcription or fanslation mediator, an intermediate in a metabolic pathway an ' 
lmmimomodulator, and an adjuvant. 

4. ^™^,eo fmy ofc 1 ^^3, wteto ^ mtalpanic , e 

and poly(D,L4actide-co«glycolide). 

POly(D,L-lactide<c~glycolidc). 

30 
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7. ™— o^.»fo ta!1 -5,w hmin , hedaosa „ isMaiiionicJe(erga 

10. The nucroparticle of any of claims 2-9 wheremih^ w- , ■ 
12. The mioropaniole of any of claims 1-11 wherri,, 



25 



1-13, further comprising an adjuvant 



from the 
salt. 



15. A mioropartclc composition of claim ] 4 wherein rh^ ^ , • 

he group consist of^r r , ^ " 1 sejected 

gr p consul ofCpG oligonucleotides, ^ LTR?2 ^ ^ ^ 



30 16- A 



microparticle composition of claim 15 wh™« a ^- 
which is alu.ninun, phosphat , 15 ' ^ a «™ * - aluminum salt 



WO00/W123 



-50- 



PCT/USS9/17308 



!0 



15 



20 



17 A-^ofproduc^ga^op^^^^^ 
comprising the steps of: Ulod 

porycyanoacrylate, wherein the polymer is wiaeni-i-n • ^^anda 

j i» ymcr is present <il a concentration of about 1% to about viv 
m an organ* solvent, and wherein the detergent i, present in th. •„ 
,w . , Present m tlx mixture al a weight to weiolit 

detergent to polymer ratio of from about 0.0000) :, to about 0.1:1; and 
<b) removing the organic solve*, irora the emulsion. 

«- The memod of claim ^ w tein the detergent is an an:onic detergent. 

19- Themahodofclaim 17 wherein the detergent is a cationic detergent 

20. Thcntothodofclai™ 1 7 wherein the detergent is . no nionic dctergcnL 

21- The method of any of claims 17-20 wherein the deterge 
weight detergent to polymer ratio of from about 0.0001 : 1 ,o about 0. 



lent is present at a weight to 
01:1. 



22. The method o f any of claims 17-20 wherein the am**, , ■ 

30 
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5 



10 



15 



25. The method of c. aim 24, whcein the micrcparticie comprise poryfDX-.actide^ 
glycolide). 



26. ™°-*°<Wai^ 
glycohde) present at a concentration of about 3% lo about 10%. 

27. A method of producing a microparticle having an adsorbent surface to which a 
Really active macromolecule has been adsorbed, s*ul m cthod comprising the stcp S of 

(a) emulsifying a mixture of a polymer solution and a detergent to form an 
emulsion whereinthe ^solution copses a poller selected from the „ consistint> 

at a we,ght to weight detergent to polymer ratio of from about 0.00001:1 to about 0.11- 

(b) removing the nrganic solvent fi nm th e e,„1 s i 0<U o fonn ,dd microparticle 
having the adsorbent surface; and 

(c) adsorbing the macromolecule to the surface of the microparticle. 

28. ™<^ofc.ain^^^^ 

from the group consisting of a pharmaceutical, , polynucleotide , a a e 

• Hormone, an enzyme, a Ascription or translation mediator, an intermediate in a metabolic ' 
pathway, an immunomodulator, an antigen, and an adjuvant. 

29. ^methodofanyofcl^Z^whereinthemacromoleculeisanantigen 
selected from the ffaup consisting of ^ ^ ^ ^ 

anugen. M 



30. The mcthod of claim 29, wherein the macromolecule i, a polynucleotide which 
encodes gpl20. 

30 
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31. THemethodof any of claims 27-30 wherein thedctcrgcnt is present at a weight to 
weight detergent to polymcrralio of Jrom about 0.0001:1 to about 0.01.1. 

32. Tlx, method of any of claims 27-30 wherein the detergent i s preS enl at a weight to 
5 weightdetergcnllopolymerraliooffromaboutO.OOl:! to aboul 0.01:1. 

33. THe method of any of claims 27-30 where* the detergent is present at a weight to 
weight detergent to polymer ratio of from about 0.005:1 to aboul 0.01:1. 

0 34. Ami^pailiclemadeaccordmgtothemethodofanyofclaims 17-33. 

35. A microparticle composition comprising a microparticle of claim 34 and a 
pharmaceutically acceptable excipient. 

36. A method of producing a microparticle composition comprising a microparticle 
havmg an adsorbent surface to which a biologically active macroinolecule has been adsorbed, 
said mediod comprising the steps of: 

(a) emulsifying a mixture of a polymer solution and a detergent to form an 
emulsion, wherein the polym er soIution . ^ ^ ^ ^ ^ ^ 

of a HvCa-hydroxy acid), a polyhydroxy butyric acid, a po.ycaprolactone, a po.yorthoester a 
polyanhydnde, and a po.ycyanoacry.ate, wherein the po.yrner is present at a concentrate of 
about l%to about 30% in an organic so.vent, and wherein the detergent is present at a weight to 
weight detergent to polymer ratio of from about 0.00001:1 to about 0.1:1; 

(b) ^vmetheorganicso.vent^ 
^5 having the adsorbent surface; 

(c) adsorbing the macromolecule to the surface of the microparticle; and 

(d) ^"Sthermcrop^^ 

w,th apharmaceutically accepts client to fa™ said micropar.Ce composition 



15 



20 



30 



37. A microparticle composition made according to the method of claim 36. 
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composition of any of claims 13-I6 ; 35 ; or 37. 

39. Useofanucror^iclc^^ 
a disease. 



40. ^ofan^parfde^^^ 
a disease. 



10 



41. Use of amicropartick composition of any of claims 13-16, 35, or 37 



for a vaccine. 



15 



42. Use ofamic^iCe composition of any of claims 13-16, 35, or 37 for raising an 
immune response. 

43. A microparticlc having an adsorbent surface, said microparticle comprising: 

a biodegradable polymer; and 
a detergent. 



20 



44. The microparucle of claim 43, &rther comprising a first biologically active 
macromolecule adsorbed on the surface thereof, wherein the first biologically active 
.acmmolecu.eisatleastonememb. selected from the g-pconsistingof apolypeptid, a 
polynucleotide, a pol^ucleoside, an antigen, .pharmaceutical, a hormone. aD cazyme a 
transcription or translation mediator, an intermediate in a metabolic pathway, an 
25 immunomodulator, and an adjuvant. 



45. H* micn„«ide „r Aim 44, Cunte compri^ , scctmJ bil)losica| , „ ive 
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transcription or Nation mediator, an mediate in a me taboIic pathway, an 
immunomodulator, and an adjuvant. 

46. Amicropa^c lxmpoMm -rnpri s i fl8 amicroparliclcof 
y pharmaccuhcally acceptable excipient. 

47. ™'™°P^ 

fiirther comprising an adjuvant. ' 

* u*= «r . mtapKicfc romposi , i011 of ^ rf ^ ^ fcr ttemM ^ a ^ 

50. U« of, micrcpanick Km|)M |,i„ n of My m - chim ^ fe t ^ 



15 
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